Sphingomyelin (SM), glycosphingolipids, and gangliosides are important polar lipids in the 10 milk fat globule membrane, but are not found in standard milk replacement formulas. Because 11 digestion and absorption of SM and glycosphingolipids generate the bioactive metabolites 12 ceramide, sphingosine, and sphingosine-1-phosphate (S1P), and because intact gangliosides 13 may have beneficial effects in the gut, this may be important for gut integrity and immune 14 maturation in the neonate. The brush border enzymes that hydrolyze milk SM,alkaline 15 sphingomyelinase (Nucleotide phosphodiesterase pyrophosphatase 7, NPP7), and neutral 16 ceramidase (NC), are expressed at birth in both term and preterm infants. Released 17 sphingosine is absorbed, phosphorylated to S1P, and converted to palmitic acid via S1P-lyase 18 in the gut mucosa. Hypothetically, S1P may also be released from absorptive cells and exert 19 important paracrine actions favoring epithelial integrity and renewal, as well as immune 20 function, including secretory IgA production and migration of T lymphocyte subpopulations. 21 2 2
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. • You may not further distribute the material or use it for any profit-making activity or commercial gain • You may freely distribute the URL identifying the publication in the public portal Take down policy If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately and investigate your claim. 6 6 cells and distinct villus and crypt structures soon before birth at day 23 of gestation. 118 Expression of NPP7 coincides with this differentiation. 28 In a human study, significant levels 119 of both NPP7 and NC were found in meconium from both preterm and term infants. 19 Both 120 palmitoylsphingosine and sphingosine, which may be products of NPP7 and NC, were also 121 present in meconium. 122 Some acid SMase is secreted in milk. Gastric and duodenal intubation studies of 11 suckling 123 newborns, however, indicated that digestion of milk SM in the stomach and upper duodenum 124 is negligible, whereas analyses of jejunal and ileal samples obtained from two babies 125 undergoing surgery indicated ceramide formation in these regions of the gut. Three-week-old 126 suckling pigs had high levels of alkaline SMase in the jejunum and ileum. The conclusion was 127 that the enzymes digesting SM are present at birth in both preterm and term infants, pigs and 128 rats. 2 The transfer of nervonic acid, which occurs specifically in SLs, to tissues of newborn 129 rats from mother's milk, supports the concept that milk SM is indeed digested and the fatty 130 acids absorbed. 29 Lactase-phlorizin hydrolase is detected from the 12 th gestational week, 131 although at week 26-34 the level was lower than at full-term birth. 30 The conclusion was that 132 both premature and term infants can digest SM and glycosylceramides of breast milk. The 133 findings also bring the attention to the ability of NPP7 to hydrolyze and inactivate PAF, which 134 may have a pathogenic role in NEC. 4 Although the NPP7 is crucial for SM digestion, the NPP 135 KO mice grow normally during suckling and exhibit a normal gross phenotype. 14
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Influence of SM on lipolysis and cholesterol absorption 137
The unique polar surface coat milk fat particles may influence the course of digestion of milk 138 triacylglycerols (TAG) during suckling. SM tends to favor the rate of lipolysis with gastric 139 lipase, but inhibits colipase-dependent pancreatic lipase. (X) In rats, milk SM inhibits 140 absorption of both exogenous 31 and endogenous cholesterol. 32 In humans, however, the effects 7 7 of milk polar lipids and SM on cholesterol absorption and plasma lipids are small, 33, 34 
142
Extrapolating these data to infants, it seems unlikely that the SM in the MFGM would 143 markedly inhibit cholesterol absorption in suckling neonates.
144
Biological effects of SL and its metabolites in the gut. 145 Generally, the gut grows rapidly after birth and the immune system expands. In the pig this specific effects. S1P also seems to exert S1PR-independent actions intracellularly e.g., 190 calcium release. 3
191
Blood S1P, which is present in the 200 nM concentration range, is bound to albumin and 192 apolipoprotein M, and originates mainly from erythrocytes, platelets, and endothelial cells.
193
The high blood concentration creates a gradient that has a central role in egress of sequence of events leading to IgA production by committed B cells after processing the 201 antigen in the Peyers patches dendritic cells, involve S1P signaling and the regulated 202 expression of S1P1 receptor. Furthermore, peritoneal B1 cells involved in production of non-203 specific antibodies of the innate immune system require S1P and the expression of the S1P1 204 receptor for their migration to the gut epithelium. Appearance of certain subtypes of 205 intraepithelial T lymphocytes is S1P dependent. S1P is also involved in migration of dendritic 206 cells, macrophages, and mast cells. How all these aspects are related to maturation of the gut 207 immunity in the newborn term and preterm baby is so far unknown. Generally the premature 208 infant has lymphopenia and attenuated macrophage and dendritic cell function and it is not 209 known whether increased mucosal S1P production from absorbed milk SM metabolites 210 enhances the normalization of this immature situation.
211
Studies of SL's effects in gut inflammation and CRC strongly support the concept that SL 212 signaling is indeed biologically important in the gut. 37 42 SL retard tumor growth in animal 213 models of CRC and human CRC ,and longstanding cases of colitis have been linked to low 10 levels of NPP7. The role of S1P as a growth-stimulating signal in CRC cells and the high 215 sphingosine kinase/S1P lyase ratio that colon tumors exhibit have been emphasized. 216 Interestingly, selective targeting of the S1P lyase gene in the intestine, enhanced colitis-217 associated tumorigenesis, confirming that the S1P/S1P lyase ratio is crucial. 27 S1P is 218 increased in experimental colitis and human IBD, and FTY720, a sphingosine analogue that is 219 phosphorylated and binds to S1P receptors and enhances their degradation, was found to 220 alleviate experimental colitis in the IL10 knockout model. Vitamin B6 is essential for S1P 221 lyase action and vitamin B6 deficiency was found to make experimental colitis worse. 43
222
Studies on gene knockout mice sphingosine-kinase 1 and 2 and inflammation have yielded Ceramide may be formed by hydrolysis of SM and glycosphingolipids, but is also synthesized 480 de novo. Most of the sphingoid bases in the mucosal SL in the newborn are likely formed by 481 de novo synthesis from palmitic acid, which may be supplied, in part, by mothers milk.
Structure of sphingolipids
Headgroup X Sphingolipid ------------------------------------------------------------------H Ceramide Phosphocholine
Sphingomyelin Glucose or galactose Glycosylceramide Lactose Lactosylceramide Glucose+monosaccharides+sialic acid Ganglioside 
